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New solvents in the preparation of polyurethane dispersions 
Description 



The present invention relates to N-(cyclo)alkylpyrrolidones as solvents for use in 
processes for preparing polyurethane dispersions. 

Polyurethane dispersions are often produced industrially using the process known as 
10 the "prepolymer mixing technique". In that process polyurethanes are first prepared in 
an organic solvent, frequently N-methylpyrrolidone, and the resulting polyurethane 
solution is subsequently dispersed in water. During and/or after its dispersing in water 
the polyurethane can then have its molar mass increased further by chain extension. 

15 Depending on the boiling point of the solvent used and even in the case of distillative 
removal the solvent remains to a greater or lesser extent in the dispersion, where it 
then affects the properties of the polyurethane dispersion. 

Since not all solvents are toxicologically unobjectionable, the solvent used should as 
20 far as possible be nontoxic. 

The preparation of polyurethanes in N-alkylpyrrolidones and their subsequent 
dispersing is referred to in general for example in US 2004/28826, US 6,437,041, 
US 6,069,218, US 5,908,895, US 5,760,123, US 5,681,622, US 5,354,808, 
25 US 5,308,389, DE 44 13 562 and EP-A1 663 412. The solvent specified and used, 
however, is basically just N-methylpyrrolidone, with EP-A1 663 412 mentioning 
N-cyclohexylpyrrolidone as well. 

The cited documents therefore do not disclose any technical teaching relating to the 
30 use of N-(cyclo)alkylpyrrolidones in the prepolymer mixing technique. 

US 6,632,858, US 6,455,611, US 5,969,002, US 4,977,207 and CH 690 331 describe 
the preparation of polyurethanes in N-methylpyrrolidone and subsequent addition of 
higher N-alkylpyrrolidones, such as N-ethylpyrrolidone, as an additive only following 
35 dispersing in water. The higher N-alkylpyrrolidones are added only to the finished 
aqueous dispersion, in order to adjust the properties of the end product. 

A disadvantage of this is that preparation of the dispersions requires the use of a 
second solvent, which either - in the event the solvent is more volatile than water - 
40 must be removed by distillation, at considerable effort, or else leads to an unwanted, 
increased solvent content in the end product. 
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EP-B1 891 399 discloses N-alkylpyrrolidones having 8-18 carbon atoms in the alkyl 
group as surface-active substances for mixing into (among other compounds) 
polyurethanes for the purpose of removing coatings. 

5 The N-alkylpyrrolidones there function not as solvents but rather as surface-active 
substances. 

An object of the present invention was to provide solvents for preparing polyurethane 
dispersions by the prepolymer mixing technique that have a beneficial effect on the 
10 properties of the resultant polyurethane dispersion. 

This object of the invention is achieved by means of a process for preparing 
polyurethane dispersions which comprises preparing the polyurethane prior to 
dispersing in the presence of an N-(cyclo)alkylpyrrolidone having a (cyclo)alkyl radical 
15 containing 2 to 6 carbon atoms. 

In this document the phrase "(cyclo)alkyl" is used for alkyl and/or cycloalkyl. 

N-(Cyclo)alkylpyrrolidones suitable in accordance with the invention are those having 
20 an aliphatic (open-chain) or cycloaliphatic (alicyclic, annular) hydrocarbon radical, 

preferably an open-chain, branched or unbranched hydrocarbon radical, containing 2 to 
6 carbon atoms, preferably 2 to 5, more preferably 2 to 4, in particular 2 to 3 and most 
especially 2 carbon atoms. 

25 Examples of suitable cycloalkyl radicals are cyclopentyl and cyclohexyl. 

Examples of suitable alkyl radicals are ethyl, /so-propyl, n-propyl, n-butyl, /so-butyl, 
sec-butyl, fert-butyl and n-hexyl. 

30 Preferred radicals are cyclohexyl, ethyl, /so-propyl, n-propyl, n-butyl, /so-butyl, sec-butyl 
and tert-butyl, particular preference being given to ethyl and n-butyl and very particular 
preference to ethyl. 

The amount of the N-(cyclo)alkylpyrrolidones based on the polyurethane is generally 
35 1-1 00% by weight, preferably 1 0-1 00% by weight. 

The N-(cyclo)alkylpyrrolidone used in accordance with the invention can of course also 
be used in a mixture with one or more other suitable. solvents. 

40 In accordance with the invention the aqueous polyurethane dispersions are prepared 
by 
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I. preparing a polyurethane by reacting 

a) at least one polyfunctional isocyanate having 4 to 30 carbon atoms, 

b) diols of which 

b1) 10 to 100 mol%, based on the total amount of diols (b), have a 
molecular weight of from 500 to 5000 and 

b2) 0 to 90 mol%, based on the total amount of diols (b), have a 
molecular weight of from 60 to 500 g/mol, 



c) if appropriate further polyfunctional compounds, other than the diols (b), 
15 containing reactive groups which are alcoholic hydroxyl groups or primary 

or secondary amino groups and 

d) monomers other than the monomers (a), (b) and (c), containing at least one 
isocyanate group or at least one isocyanato-reactive group, additionally 

20 carrying at least one hydrophilic group or one potentially hydrophilic group 

whereby the polyurethane is rendered dispersible in water, 

to form a polyurethane in the presence of an N-(cyclo)alkylpyrrolidone and 

II. subsequently dispersing the polyurethane in water 

25 

III. with the possible addition after or during step II, if appropriate, of polyamines. 



Suitable monomers (a) include the polyisocyanates customarily employed in 
polyurethane chemistry, examples being aliphatic, aromatic and cycloaliphatic 

30 diisocyanates and polyisocyanates, the aliphatic hydrocarbon radicals containing for 
example 4 to 12 carbon atoms, the cycloaliphatic or aromatic hydrocarbon radicals 
containing for example 6 to 15 carbon atoms or the araliphatic hydrocarbon radicals 
containing for example 7 to 15 carbon atoms, having an NCO functionality of at least 
1 .8, preferably from 1 .8 to 5 and more preferably from 2 to 4, and also their 

35 isocyanurates, biurets, allophanates and uretdiones. 



The diisocyanates are preferably isocyanates having 4 to 20 carbon atoms. Examples 
of customary diisocyanates are aliphatic diisocyanates such as tetramethylene 
diisocyanate, hexamethylene diisocyanate (1,6-diisocyanatohexane), octamethylene 
40 diisocyanate, decamethylene diisocyanate, dodecamethylene diisocyanate, 

tetradecamethylene diisocyanate, esters of lysine diisocyanate, tetramethylxylylene 
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diisocyanate, trimethylhexane diisocyanate or tetramethylhexane diisocyanate, 
cycloaliphatic diisocyanates such as 1,4-, 1,3- or 1,2-diisocyanatocyclohexane, 
trans/trans, the cis/cis and the cis/trans isomer of 4,4'- or 2,4'-di(isocyanatocyclohexyl)- 
methane, 1 -isocyanato-3,3,5-trimethyl-5-(isocyanatomethyl)cyclohexane (isophorone 
5 diisocyanate), 2,2-bis(4-isocyanatocyclohexyI)propane, 1,3- or 1 ,4-bis(isocyanato- 
methyl)cyclohexane or 2,4- or 2,6-diisocyanato-1-methylcyclohexane, and aromatic 
diisocyanates such as 2,4- or 2,6-tolylene diisocyanate and the isomer mixtures 
thereof, m- or p-xylylene diisocyanate, 2,4'- or 4,4 , -diisocyanatodiphenylmethane and 
the isomer mixtures thereof, 1,3- or 1,4-phenylene diisocyanate, 1-chloro-2,4- 
10 phenylene diisocyanate, 1,5-naphthylene diisocyanate, diphenylene 4,4'-diisocyanate, 
4,4 , -diisocyanato-3,3 , -dimethyIbiphenyl, 3-methyldiphenylmethane 4,4 -diisocyanate, 
1,4-diisocyanatobenzene ordiphenyl ether 4,4'-diisocyanate. 

Mixtures of said diisocyanates may also be present. 

15 

Preference is given to aliphatic and cycloaliphatic diisocyanates, and particular 
preference to isophorone diisocyanate, hexamethylene diisocyanate, meta-tetramethyl- 
xylylene diisocyanate (m-TMXDI) and 1,1-methylenebis[4-isocyanato]cyclohexane 
(H 12 MDI). 

20 

Suitable polyisocyanates include polyisocyanates containing isocyanurate groups, 
uretdione diisocyanates, polyisocyanates containing biuret groups, polyisocyanates 
containing urethane groups or allophanate groups, polyisocyanates containing 
oxadiazinetrione groups, uretonimine-modified polyisocyanates of linear or branched 
25 C 4 -C 2 o-alkylene diisocyanates, cycloaliphatic diisocyanates having 6 to 20 carbon 

atoms in all or aromatic diisocyanates having 8 to 20 carbon atoms in all, or mixtures 
thereof. 

The diisocyanates and polyisocyanates which can be used preferably have an 
30 isocyanate group (calculated as NCO, molecular weight = 42) content of from 10 to 
60% by weight based on the diisocyanate and polyisocyanate (mixture), more 
preferably from 15 to 60% by weight and very preferably from 20 to 55% by weight. 

Preference is given to aliphatic and/or cycloaliphatic diisocyanates and 
35 polyisocyanates, examples being the abovementioned aliphatic and cycloaliphatic 
diisocyanates, respectively, or mixtures thereof. 

Preference extends to 

40 1) Polyisocyanates containing isocyanurate groups and formed from aromatic, 

aliphatic and/or cycloaliphatic diisocyanates. Particular preference is given here 
to the corresponding aliphatic and/or cycloaliphatic isocyanato-isocyanurates 
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and, in particular, to those based on hexamethylene diisocyanate and isophorone 
diisocyanate. The isocyanurates present are, in particular, trisisocyanatoalkyl or 
trisisocyanatocycloalkyl isocyanurates, which represent cyclic trimers of the 
diisocyanates, or are mixtures with their higher homologs containing more than 
5 one isocyanurate ring. The isocyanato-isocyanurates generally have an NCO 

content of from 10 to 30% by weight, in particular from 15 to 25% by weight, and 
an average NCO functionality of from 3 to 4.5. 



2) Uretdione diisocyanates having aromatically, aliphatically and/or cyclo- 
10 aliphatically attached isocyanate groups, preferably aliphatically and/or 

cycloaliphatically attached isocyanate groups, and especially those derived from 
hexamethylene diisocyanate or isophorone diisocyanate. Uretdione 
diisocyanates are cyclic dimerization products of diisocyanates. 
In the formulations the uretdione diisocyanates can be used as sole component 
15 or in a mixture with other polyisocyanates, especially those specified under 1). 



3) Polyisocyanates containing biuret groups and having aromatically, 
cycloaliphatically or aliphatically attached, preferably cycloaliphatically or 
aliphatically attached, isocyanate groups, especially tris(6-isocyanatohexyl)biuret 

20 or its mixtures with its higher homologs. These polyisocyanates containing biuret 

groups generally have an NCO content of from 18 to 22% by weight and an 
average NCO functionality of from 3 to 4.5. 

4) Polyisocyanates containing urethane and/or allophanate groups and having 

25 aromatically, aliphatically or cycloaliphatically attached, preferably aliphatically or 

cycloaliphatically attached, isocyanate groups, as obtainable for example by 
reacting excess amounts of hexamethylene diisocyanate or of isophorone 
diisocyanate with polyhydric alcohols such as trimethylolpropane, neopentyl 
glycol, pentaerythritol, 1,4-butanediol, 1,6-hexanediol, 1,3-propanediol, ethylene 

30 glycol, diethylene glycol, glycerol, 1 ,2-dihydroxypropane or mixtures thereof. 

These polyisocyanates containing urethane and/or allophanate groups generally 
have an NCO content of from 12 to 20% by weight and an average NCO 
functionality of from 2.5 to 3. 



35 5) Polyisocyanates containing oxadiazinetrione groups, preferably derived from 

hexamethylene diisocyanate or isophorone diisocyanate. Polyisocyanates of this 
kind containing oxadiazinetrione groups can be prepared from diisocyanate and 
carbon dioxide. 



40 6) 



Uretonimine-modified polyisocyanates. 
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The polyisocyanates 1) to 6) can be used in a mixture, including where appropriate in a 
mixture with diisocyanates. 

Particularly significant mixtures of these isocyanates are the mixtures of the respective 
5 structural isomers of diisocyanatotoluene and diisocyanatodiphenylmethane, particular 
suitability being possessed by the mixture composed of 20 mol% 2,4-diisocyanato- 
toluene and 80 mol% 2,6-diisocyanatotoluene. Also of particular advantage are the 
mixtures of aromatic isocyanates such as 2,4-diisocyanatotoluene and/or 2,6-diiso- 
cyanatotoluene with aliphatic or cycloaliphatic isocyanates such as hexamethylene 
10 diisocyanate or IPDI, the preferred mixing ratio of the aliphatic to aromatic isocyanates 
being from 4:1 to 1:4. 

As compounds (a) it is also possible to employ isocyanates which in addition to the free 
isocyanate groups carry further, blocked isocyanate groups, e.g., uretdione or urethane 
15 groups. 

If appropriate it is also possible to use those isocyanates which carry only one 
isocyanate group. In general their fraction is not more than 10 mol%, based on the 
overall molar amount of the monomers. The monoisocyanates normally carry other 
20 functional groups such as olefinic groups or carbonyl groups and serve for introducing, 
into the polyurethane, functional groups which allow it to be dispersed and/or 
crosslinked or to undergo further polymer-analogous reaction. Monomers suitable for 
this purpose include those such as isopropenyl-a,a-dimethylbenzyl isocyanate (TMI). 

25 Diols (b) which are ideally suitable are those diols (b1) which have a relatively high 

molecular weight of from about 500 to 5000, preferably from about 1000 to 3000 g/mol. 

The diols (b1) are, in particular, polyesterpolyols, which are known, for example, from 
Ullmanns Encyklopadie der technischen Chemie, 4th Edition, Vol. 19, pp. 62 to 65. It is 

30 preferred to employ polyesterpolyols that are obtained by reacting dihydric alcohols 
with dibasic carboxylic acids. Instead of the free polycarboxylic acids it is also possible 
to use the corresponding polycarboxylic anhydrides or corresponding polycarboxylic 
esters of lower alcohols, or mixtures thereof, to prepare the polyesterpolyols. The 
polycarboxylic acids can be aliphatic, cycloaliphatic, araliphatic, aromatic or 

35 heterocyclic and can be unsubstituted or substituted, by halogen atoms, for example, 
and/or saturated or unsaturated. Examples are suberic, azelaic, phthalic, and 
isophthalic acid, phthalic, tetrahydrophthalic, hexahydrophthalic, tetrachlorophthalic, 
endomethylenetetrahydrophthalic, glutaric and maleic anhydride, maleic acid, fumaric 
acid and dimeric fatty acids. Preference is given to dicarboxylic acids of the general 

40 formula HOOC- (CH 2 ) y -COOH, where y is a number from 1 to 20, preferably an even 
number from 2 to 20, examples being succinic, adipic, sebacic and dodecane- 
dicarboxylic acids. 
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Examples of suitable polyhydric alcohols are ethylene glycol, 1,2-propanediol, 1,3- 
propanediol, 1,3-butanediol, 1,4-butenediol, 1,4-butynediol, 1,5-pentanediol, neopentyl 
glycol, bis(hydroxymethyl)cyclohexanes such as 1,4-bis(hydroxymethyl)cyclohexane, 
5 2-methyl-1,3-propanediol and also diethylene glycol, triethylene glycol, tetraethylene 
glycol, polyethylene glycol, dipropylene glycol, polypropylene glycol, dibutylene glycol 
and polybutylene glycols. Preference is given to neopentylglycol and alcohols of the 
general formula HO-(CH 2 ) x -OH, where x is a number from 1 to 20, preferably an even 
number from 2 to 20. Examples of such alcohols are ethylene glycol, 1 ,4-butanediol, 
10 1,6-hexanediol, 1,8-octanediol and 1 ,12-dodecanediol. 

Also suitable are polycarbonatediols, as can be obtained, for example, by reaction of 
phosgene with an excess of the low molecular mass alcohols cited as synthesis 
components for the polyesterpolyols. 

15 

Lactone-based polyesterdiols are also suitable, these being homopolymers or 
copolymers of lactones, preferably hydroxy-terminal adducts of lactones with suitable 
difunctional starter molecules. Suitable lactones are preferably those derived from 
hydroxy carboxylic acids of the general formula HO-(CH 2 ) z -COOH, where z is from 1 to 

20 20, preferably an odd number from 3 to 19. Examples are 6-caprolactone, fi- 

propiolactone, y-butyrolactone and/or methyl-e-caprolactone, and mixtures thereof. 
Examples of suitable starter components are the low molecular mass dihydric alcohols 
cited above as synthesis components for the polyesterpolyols. The corresponding 
polymers of 6-caprolactone are particularly preferred. Lower polyesterdiols or 

25 polyetherdiols can also be employed as starters for preparing the lactone polymers. 
Instead of the polymers of lactones it is also possible to employ the corresponding, 
chemically equivalent polycondensates of the hydroxycarboxylic acids which 
correspond to the lactones. 

30 Further suitable monomers (b1 ) are polyetherdiols. They are obtainable in particular by 
addition polymerization of ethylene oxide, propylene oxide, butylene oxide, 
tetrahydrofuran, styrene oxide or epichlorohydrin with itself, in the presence, for 
example, of BF 3 , or by addition reaction of these compounds, alone or in a mixture or in 
succession, onto starter components containing reactive hydrogens, such as alcohols 

35 or amines, examples being water, ethylene glycol, 1,2-propanediol, 1,3-propanediol, 
2,2-bis(4-hydroxydiphenyl)propane or aniline. Particular preference is given to 
polytetrahydrofuran having a molecular weight of from 500 to 5000 g/mol and, in 
particular, from 1000 to 4500 g/mol. 

40 The polyester diols and polyether diols can also be employed as mixtures in 
proportions of from 0.1 : 1 to 1 : 9. 



PF 55459 



8 

It is possible to employ as diols (b) not only the diols (b1 ) but also low molecular mass 
diols (b2) having a molecular weight of from about 50 to 500, preferably from 60 to 
200 g/mol. 

5 Compounds employed as monomers (b2) are in particular the synthesis components of 
the short-chain alkanediols cited for the preparation of polyesterpolyols, preference 
being given to the unbranched diols having from 2 to 12 carbons and an even number 
of carbons, and to 1 ,5-pentanediol and neopentyl glycol. 

10 The proportion of the diols (b1), based on the total amount of diols (b), is preferably 

from 10 to 100 mol%, and the proportion of the diols (b2), based on the total amount of 
diols (b), is preferably from 0 to 90 mol%. With particular preference the ratio of the 
diols (b1) to the diols (b2) is from 0.2 : 1 to 5 : 1, especially from 0.5 : 1 to 2 : 1. 

15 The monomers (c), which are different from the diols (b), serve generally for 

crosslinking or chain extension. They are generally nonaromatic alcohols with a 
functionality of more than two, amines having 2 or more primary and/or secondary 
amino groups, and compounds which as well as one or more alcoholic hydroxyl groups 
carry one or more primary and/or secondary amino groups. 

20 

Alcohols having a functionality greater than 2, which may serve to bring about a certain 
degree of crosslinking or branching, are for example trimethylolbutane, trimethylol- 
propane, trimethylolethane, pentaerythritol, glycerol, sugar alcohols, such as sorbitol, 
mannitol, diglycerol, threitol, erythritol, adonitol (ribitol), arabitol (lyxitol), xylitol, dulcitol 
25 (galactitol), maltitol or Isomalt, or sugars. 

Also suitable are monoalcohols which in addition to the hydroxyl group carry a further 
isocyanate-reactive group, such as monoalcohols having one or more primary and/or 
secondary amino groups, monoethanolamine being one example. 

30 

Polyamines having two or more primary and/or secondary amino groups can be used 
in the prepolymer mixing technique particularly when the chain extension and/or 
crosslinking is to take place in the presence of water (step III), since amines generally 
react more quickly with isocyanates than do alcohols or water. This is frequently 
35 necessary when aqueous dispersions of crosslinked polyurethanes or polyurethanes of 
high molar weight are required. In such cases the approach taken is to prepare 
prepolymers containing isocyanate groups, to disperse them rapidly in water and then 
to subject them to chain extension or crosslinking by adding compounds having two or 
more isocyanate-reactive amino groups. 

40 

Amines suitable for this purpose are generally polyfunctional amines of the molar 
weight range from 32 to 500 g/mol, preferably from 60 to 300 g/mol, which contain at 
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least two primary, two secondary or one primary and one secondary amino group(s). 
Examples of such are diamines such as diaminoethane, diaminopropanes, diamino- 
butanes, diaminohexanes, piperazine, 2,5-dimethylpiperazine, amino-3-aminomethyl- 
3,5,5-trimethylcyclohexane (isophoronediamine, IPDA), 4,4'-diaminodicycIohexyl- 
5 methane, 1,4-diaminocyclohexane, aminoethylethanolamine, hydrazine, hydrazine 
hydrate or triamines such as diethylenetriamine or 1,8-diamino-4-aminomethyloctane 
or higher amines such as triethylenetetramine, tetraethylenepentamine or polymeric 
amines such as polyethylenamines, hydrogenated polyacrylonitriles or at least partly 
hydrolyzed poly-N-vinylformamides, in each case having a molar weight of up to 2000, 
10 preferably up to 1000 g/mol. 

The amines can also be used in blocked form, such as in the form of the corresponding 
ketimines (see, e.g., CA-1 129 128), ketazines (cf., e.g., US-A 4 269 748) or amine 
salts (see US-A 4 292 226). Oxazolidines as well, as used for example in 
15 US-A 4 192 937, are blocked polyamines which can be used for preparing the 

polyurethanes for chain extending the prepolymers. When blocked polyamines of this 
kind are used they are generally mixed with the prepolymers in the absence of water 
and this mixture is subsequently mixed with the dispersion water or a portion thereof, 
so that the corresponding polyamines are liberated by hydrolysis. 

20 

Preference is given to using mixtures of diamines and triamines, and particular 
preference to mixtures of isophoronediamine and diethylenetriamine. 

The fraction of polyamines can be up to 10, preferably up to 8 mol% and more 
25 preferably up to 5 mol%, based on the total amount of components (b) and (c). 

The polyurethane prepared in step I may contain in general up to 10%, preferably up to 
5%, by weight of unreacted NCO groups. 

30 The molar ratio of NCO groups in the polyurethane prepared in step I to the sum of 

primary and secondary amino groups in the polyamine is generally chosen in step II! so 
as to be between 3:1 and 1:3, preferably 2:1 and 1:2, more preferably 1.5:1 and 1:1.5, 
and very preferably 1:1. 

35 A further possibility, for chain termination, is to use minor amounts - that is, preferably, 
amounts of less than 10 mol%, based on components (b) and (c) - of monoalcohols. 
They serve primarily to limit the molar weight of the polyurethane. Examples are 
methanol, ethanol, isopropanol, n-propanol, n-butanol, isobutanol, sec-butanol, tert- 
butanol, ethylene glycol monomethyl ether, ethylene glycol monoethyl ether, 

40 1,3-propanediol monomethyl ether, n-hexanol, n-heptanol, n-octanol, n-decanol, 
n-dodecanol (lauryl alcohol) and 2-ethylhexanol. 
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In order to render the polyurethanes dispersible in water they are synthesized not only 
from components (a), (b) and (c) but also from monomers (d), which are different from 
components (a), (b) and (c) and carry at least one isocyanate group or at least one 
isocyanate-reactive group and, in addition, at least one hydrophilic group or a group 
5 which can be converted into hydrophilic groups. In the text below the term "hydrophilic 
groups or potentially hydrophilic groups" is abbreviated to "(potentially) hydrophilic 
groups". The (potentially) hydrophilic groups react with isocyanates much more slowly 
than do the functional groups of the monomers that are used to build up the polymer 
main chain. The (potentially) hydrophilic groups can be nonionic or, preferably, ionic, 
10 i.e., cationic or anionic, hydrophilic groups or can be potentially ionic hydrophilic 

groups, and with particular preference can be anionic hydrophilic groups or potentially 
anionic hydrophilic groups. 

The proportion of the components having (potentially) hydrophilic groups as a fraction 
15 of the total amount of components (a), (b), (c) and (d) is generally made such that the 
molar amount of the (potentially) hydrophilic groups, based on the amount by weight of 
all monomers (a) to (d), is from 30 to 1000 , preferably from 50 to 500 and more 
preferably from 80 to 300 mmol/kg. 

20 Examples of suitable nonionic hydrophilic groups include mixed or pure polyethylene 
glycol ethers made up of preferably from 5 to 100, more preferably from 10 to 80, 
repeating ethylene oxide units. The polyethylene glycol ethers may also contain 
propylene oxide units. Where such is the case the amount of propylene oxide units 
ought not to exceed 50%, preferably 30%, by weight based on the mixed polyethylene 

25 glycol ether. 

The amount of polyethylene oxide units is generally from 0 to 10%, preferably from 0 to 
6%, by weight based on the amount by weight of all monomers (a) to (d). 

30 Preferred monomers containing nonionic hydrophilic groups are the polyethylene glycol 
and diisocyanates which carry a terminally etherified polyethylene glycol radical. 
Diisocyanates of this kind and also processes for their preparation are specified in 
patents US 3 905 929 and US 3 920 598. 

35 Ionic hydrophilic groups are, in particular, anionic groups such as the sulfonate, the 
carboxylate and the phosphate group in the form of their alkali metal or ammonium 
salts and also cationic groups such as ammonium groups, especially protonated 
tertiary amino groups or quaternary ammonium group. 

40 Suitable monomers containing potentially anionic groups are usually aliphatic, 

cycloaliphatic, araliphatic or aromatic monohydroxycarboxylic and dihydroxycarboxylic 
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acids which carry at least one alcoholic hydroxyl group or one primary or secondary 
amino group. 

Such compounds are represented for example by the general formula 

5 

RG-R 4 -DG 

in which 

10 RG is at least one isocyanate-reactive group, 
DG is at least one actively dispersing group and 

R 4 is an aliphatic, cycloaliphatic or aromatic radical containing 1 to 20 carbon atoms. 

Examples of RG are -OH, -SH, -NH 2 or-NHR 5 , where R 5 can be methyl, ethyl, /so- 
15 propyl, n-propyl, n-butyl, /so-butyl, sec-butyl, ferf-butyl, cyclopentyl or cyclohexyl. 

Components of this kind are preferably, for example, mercaptoacetic acid, 
mercaptopropionic acid, thiolactic acid, mercaptosuccinic acid, glycine, iminodiacetic 
acid, sarcosine, alanines-alanine, leucine, isoleucine, aminobutyric acid, hydroxy- 

20 acetic acid, hydroxypivalic acid, lactic acid, hydroxysuccinic acid, hydroxydecanoic 
acid, dimethylolpropionic acid, dimethylolbutyric acid, ethylenediaminetriacetic acid, 
hydroxydodecanoic acid, hydroxyhexadecanoic acid, 12-hydroxystearic acid, amino- 
naphthalenecarboxylic acid, hydroxyethanesulfonic acid, hydroxypropanesulfonic acid, 
mercaptoethanesulfonic acid, mercaptopropanesulfonic acid, aminomethanesulfonic 

25 acid, taurine, aminopropanesulfonic acid and also the alkali metal, alkaline earth metal 
or ammonium salts thereof and, with particular preference, the stated monohydroxy- 
carboxylic and monohydroxysulfonic acids and also monoaminocarboxylic and 
monoaminosulfonic acids. 

30 Very particular preference is given to dihydroxyalkylcarboxylic acids, especially those 
having 3 to 10 carbon atoms, as also described in US-A 3 412 054. Of particular 
preference are compounds of the general formula 

HO-R 1 -CR 3 (COOH)-R 2 -OH 

35 

in which R 1 and R 2 are each a to C 4 -alkanediyl unit and R 3 is a Ci- to C 4 -alkyl unit. 
Of especial preference are dimethylolbutyric acid and particularly dimethylolpropionic 
acid (DMPA). 

40 Also suitable are corresponding dihydroxysulfonic acids and dihydroxyphosphonic 

acids such as 2,3-dihydroxypropanephosphonic acid and also the corresponding acids 
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in which at least one hydroxyl group has been replaced by an amino group, examples 
being those of the formula 

H 2 N-R 1 -CR 3 (COOH)-R 2 -NH 2 

5 

in which R 1 , R 2 and R 3 can have the same meanings as specified above. 

Otherwise suitable are dihydroxy compounds having a molecular weight above 500 to 
10 000 g/mol and at least 2 carboxylate groups, which are known from 
10 DE-A 4 140 486. They are obtainable by reacting dihydroxyl compounds with 

tetracarboxylic dianhydrides such as pyromellitic dianhydride or cyclopentanetetra- 
carboxylic dianhydride in a molar ratio of from 2:1 to 1.05:1 in a polyaddition reaction. 
Particularly suitable dihydroxy compounds are the monomers (b2) listed as chain 
extenders and also the diols (b1). 

15 

Potentially ionic hydrophilic groups are, in particular, those which can be converted by 
simple neutralization, hydrolysis or quaternization reactions into the abovementioned 
ionic hydrophilic groups, examples thus being acid groups, anhydride groups or tertiary 
amino groups. 

20 

Ionic monomers (d) or potentially ionic monomers (d) are described in detail in, for 
example, Ullmanns Ecyklopadie der technischen Chemie, 4th edition, Volume 19, 
pp. 31 1-313 and, for example, in DE-A 1 495 745. 

25 Monomers having tertiary amino groups, in particular, are of special practical 
significance as potentially cationic monomers (d), examples being the following: 
tris(hydroxyalkyl)amines, N,N'-bis(hydroxyalkyl)alkylamines, N-hydroxyalkyl-dialkyl- 
amines, tris(aminoalkyl)amines, N,N'-bis(aminoalkyl)alkylamines and N-aminoalkyl- 
dialkylamines, the alkyl radicals and alkanediyl units of these tertiary amines consisting 

30 independently of one another of 2 to 6 carbons. Also suitable are polyethers containing 
tertiary nitrogen atoms and preferably two terminal hydroxyl groups, such as are 
obtainable in conventional manner by, for example, alkoxylating amines having two 
hydrogen atoms attached to amine nitrogen, examples being methylamine, aniline and 
N,N'-dimethylhydrazine. Polyethers of this kind generally have a molar weight of 

35 between 500 and 6000 g/mol. 

These tertiary amines are converted either with acids, preferably strong mineral acids 
such as phosphoric acid, sulfuric acid or hydrohalic acids, or strong organic acids, such 
as formic, acetic or lactic acid, or by reaction with appropriate quaternizing agents such 
40 as Ct to C 6 alkyl halides, bromines or chlorides for example, or di-C^ to C 6 alkyl sulfates 
or di-Ci to C 6 alkyl carbonates, into the ammonium salts. 
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Suitable monomers (d) having isocyanate-reactive amino groups include amino- 
carboxylic acids such as lysine, /9-alanine, the adducts, specified in DE-A2034479, of 
aliphatic diprimary diamines with a,/?-unsaturated carboxylic acids such as N-(2-amino- 
ethyl)-2-aminoethanecarboxylic acid, and also the corresponding N-aminoalkylamino- 
5 alkylcarboxylic acids, the alkanediyl units being composed of 2 to 6 carbon atoms. 

Where monomers containing potentially ionic groups are used they can be converted 
into the ionic form before or during, but preferably after, the isocyanate polyaddition, 
since the ionic monomers are often only of very sparing solubility in the reaction 
10 mixture. With particular preference the anionic hydrophilic groups are in the form of 
their salts with an alkali metal ion or an ammonium ion as counterion. 

Among these specified compounds, hydroxycarboxylic acids are preferred, particular 
preference being given to dihydroxyalkylcarboxylic acids and very particular preference 
15 to a,a-bis(hydroxymethyl)carboxylic acids, particularly dimethylolbutyric acid and 
dimethylolpropionic acid and especially dimethylolpropionic acid. 

In one alternative embodiment the polyurethanes may contain not only nonionic 
hydrophilic groups but also ionic hydrophilic groups, preferably nonionic hydrophilic 
20 groups and anionic hydrophilic groups simultaneously. 

Within the field of polyurethane chemistry is general knowledge how the molecular 
weight of the polyurethanes can be adjusted by choosing the fractions of the co- 
reactive monomers and by the arithmetic mean of the number of reactive functional 
25 groups per molecule. 

Normally components (a), (b), (c) and (d) and their respective molar amounts are 
chosen such that the ratio A:B, where 

30 A) is the molar amount of isocyanate groups and 

B) is the sum of the molar amount of the hydroxyl groups and the molar amount of 
the functional groups which are able to react with isocyanates in an addition 
reaction, 

35 

is from 0.5:1 to 2:1, preferably from 0.8:1 to 1.5 and more preferably from 0.9:1 to 
1.2:1. With very particular preference the ratio A:B is as close as possible to 1:1. 

In addition to components (a), (b), (c) and (d) use is made of monomers containing only 
40 one reactive group generally in amounts of up to 15 mol%, preferably up to 8 mol%, 
based on the total amount of components (a), (b), (c) and (d). 
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The polyaddition of components (a) to (d) takes place in general at reaction 
temperatures of 20 to 180°C, preferably 50 to 150°C, under atmospheric pressure. 

The reaction times required normally extend from a few minutes to several hours. It is 
5 known within the field of polyurethane chemistry how the reaction time is influenced by 
a multiplicity of parameters such as temperature, monomer concentration and 
monomer reactivity. 

For accelerating the reaction of the diisocyanates it is possible to use the conventional 
10 catalysts. Those suitable in principle are all catalysts commonly used in polyurethane 
chemistry. 

These are, for example, organic amines, particularly tertiary aliphatic, cycloaliphatic or 
aromatic amines, and/or Lewis-acidic organometallic compounds. Examples of suitable 

15 Lewis-acidic organometallic compounds include tin compounds, such as tin(ll) salts of 
organic carboxylic acids, such as tin(ll) acetate, tin(ll) octoate, tin(ll) ethylhexoate and 
tin(ll) laurate, and the dialkyltin(IV) salts of organic carboxylic acids, such as dimethyltin 
diacetate, dibutyltin diacetate, dibutyltin dibutyrate, dibutyltin bis(2-ethylhexanoate), 
dibutyltin dilaurate, dibutyltin maleate, dioctyltin dilaurate and dioctyltin diacetate. Metal 

20 complexes such as acetylacetonates of iron, titanium, aluminum, zirconium, 

manganese, nickel and cobalt are also possible. Further metal catalysts are described 
by Blank et al. in Progress in Organic Coatings, 1999, Vol. 35, pages 19-29. 

Preferred Lewis-acidic organometallic compounds are dimethyltin diacetate, dibutyltin 
25 dibutyrate, dibutyltin bis(2-ethylhexanoate), dibutyltin dilaurate, dioctyltin dilaurate, 
zirconium acetylacetonate and zirconium 2,2,6,6-tetramethyl-3,5-heptanedionate. 

Bismuth and cobalt catalyst as well, and also cesium salts, can be used as catalysts. 
Suitable cesium salts include those compounds in which the following anions are used: 

30 F~, cr, ciO", cio 3 ~, cicv, Br, r, io 3 ~, ci\r, ocn- no 2 -, ncv, hccv, co 3 2 ", s 2 -, 

SFT, HSO3-, SO3 2 - HSCV, SO/" S 2 0 2 2 -, S2O4 2 ", S 2 0 5 2 ~, S 2 0 6 2 ~, S 2 0 7 2 - S 2 0 8 2 ", 
H 2 P0 2 ", H 2 P0 4 - HPO4 2 - P0 4 ^, P.OA, (OC n H 2n+1 )~, (C n H 2n -i0 2 )- f (C n H 2n _ 3 0 2 )- and 
(C n+1 H 2n . 2 0 4 ) 2 ",n standing for numbers from 1 to 20. 

35 Preference is given to cesium carboxylates where the anion conforms to the formulae 
(C n H 2n _ 1 0 2 r and (C n+1 H 2n _ 2 0 4 ) 2 " with n being 1 to 20. Particularly preferred cesium salts 
contain monocarboxylate anions of the general formula (C n H 2n _ 1 0 2 )" , where n stands 
for numbers from 1 to 20. Mention may be made in particular here of the formate, 
acetate, propionate, hexanoate and 2-ethylhexanoate. 

40 

Suitable polymerization apparatus includes stirred tanks, particularly when solvents are 
used to ensure a low viscosity and effective heat removal. 
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If the reaction is carried out in bulk suitable equipment, because of the generally high 
viscosities and the generally short reaction times, includes in particular extruders, 
especially self-cleaning multiscrew extruders. 

5 In the prepolymer mixing technique a prepolymer which carries isocyanate groups is 
prepared first of all. In this case components (a) to (d) are chosen such that at the 
above-defined ratio A:B is greater than 1.0 to 3, preferably 1.05 to 1.5. The prepolymer 
is first dispersed in water and is crosslinked simultaneously and/or subsequently by 
reacting the isocyanate groups with amines which carry more than 2 isocyanate- 
10 reactive amino groups, or is chain extended with amines which carry 2 isocyanate- 
reactive amino groups. Chain extension also takes place when no amine is added. In 
that case isocyanate groups are hydrolyzed to amine groups, which react with residual 
isocyanate groups at the prepolymers and so extend the chain. 

15 The average particle size (z-average) as measured by means of dynamic light 

scattering with the Malvern® Autosizer 2 C of the dispersions prepared in accordance 
with the invention is not critical to the invention and is generally <1000 nm, preferably 
<500 nm, more preferably <200 nm and very preferably between 20 and below 
200 nm. 

20 

The dispersions generally have a solids content of from 10 to 75%, preferably from 20 
to 65%, by weight and a viscosity of from 10 to 500 mPas (measured at a temperature 
of 20°C and at a shear rate of 250 s" 1 ). 

25 For certain applications it may be rational to adjust the dispersions to a different solids 
content, preferably a lower solids content, by diluting them for example. 

The dispersions prepared in accordance with the invention may additionally be mixed 
with other components typical for the cited applications, examples being surfactants, 
30 detergents, dyes, pigments, color transfer inhibitors and optical brighteners. 

The dispersions can be subjected to physical deodorization, if desired, following their 
preparation. 

35 Physical deodorization may involve stripping the dispersion using steam, an oxygen- 
containing gas, preferably air, nitrogen or supercritical carbon dioxide in, for example, a 
stirred vessel, as described in DE-B 12 48 943, or in a countercurrent column, as 
described in DE-A 196 21 027. 

40 The amount of the N-(cyclo)alkylpyrrolidone of the invention in the preparation of the 
polyurethane is generally chosen such that the fraction in the finished dispersion does 
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not exceed 30%, preferably not more than 25%, more preferably not more than 20% 
and very preferably not more than 15% by weight. 

The aqueous polyurethane formulations of the invention are suitable advantageously 
5 for coating and bonding substrates. Suitable substrates are wood, wood veneer, paper, 
paperboard, cardboard, textile, leather, nonwoven, surfaces of plastics, glass, ceramic, 
mineral building materials and uncoated or coated metals. They find application, for 
example, in the production of films or thin sheets, for impregnating textiles or leather, 
as dispersants, as pigment grinding agents, as primers, as adhesion promoters, as 
10 hydrophobicizers, as a laundry detergent additive or as an additive to cosmetic 
formulations, or for producing moldings or preparing hydrogels. 

In the context of their use as coating materials the polyurethane dispersions can be 
employed in particular as primers, surfacers, pigmented topcoat materials and 
15 clearcoat materials in the automotive refinishing or large-vehicle finishing sector. The 
coating materials are especially suitable for applications that call for particularly high 
application reliability, exterior weathering stability, optical qualities, solvent resistance, 
chemical resistance and water resistance, such as in automotive refinish and large- 
vehicle finishing . 

20 

The inventive preparation of the polyurethanes in the presence of N-(cyclo)alkyI- 
pyrrolidones leads to at least one of the following advantages: 

Reduced solvent requirement. 
25 - The dispersions are easier to apply by spraying or through nozzles, since 

encrustation or contamination on spraying tools is reduced. 

Lower toxicity than, for example, N-methylpyrrolidone. 

The prepolymer solutions have a lower viscosity. 

The rheology of the polyurethane dispersions is improved. 
30 - The wetting behavior of substrates or additives is improved. 

Lower yellowing under light and/or heat exposure. 

Greater frost resistance of the dispersions. 

Improved flexibility, particularly lower-temperature flexibility, of the resultant films. 
Higher gloss of the resultant films. 

35 

Whereas the subsequent addition of N-alkylpyrrolidones, as known from the prior art, 
serves merely to adjust physical parameters of the finished dispersion, the inventive 
preparation of polyurethanes in the presence of N-(cyclo)alkylpyrrolidones leads to 
advantages associated with the preparation of the polyurethanes, which would not be 
40 possible to achieve by subsequent addition. One possible reason for this might be that 
the polyurethanes prepared inventively absorb the N-(cyclo)alkylpyrrolidone by 
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swelling, for example, over the whole of the cross section, whereas in the case of 
subsequent addition only superficial absorption, at best, can take place. 

The present invention further provides coating compositions comprising at least one 
polymer dispersion of the invention, and also articles coated therewith. 

ppm figures and percentages used in this specification relate, unless otherwise stated, 
to weight percentages and ppm by weight. 



